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ABSTRACT

The vennilion snapper, Rhomboplites aurorubens, a species often associated with Caribbean reefs and
banks, is an important recreational fish of the outer continental shelf of North Carolina and South
Carolina. Serial spawning occurs from late April through September off the Carolinas at depths
ranging from 31 to 91 m. Most females spawn in the third or fourth year at about 205-275 mm total
length. Larger, older females (age 5-10; up to 530 mm total length) appear to spawn longer esch
reproductive sesson, which may be an optimal strategy for maximizing reproductive biomass (balanc­
ing the physiological costs of somatic and gonadal growth).

Overall sex ratio is unequal in favor offemales (approximately 60%), but the ratio is 1:1 for small fish
(less than 150 mm total length) and heavily in favor oflarge females (69-100% for fish greater than 500
mm total length) because they live longer than males. Fecundity offirst spawners is estimated at 17-42
thousand eggs, and large females produce 1.5 million eggs.

The vermilion snapper, R homboplites aurorubens,
is a small lutjanid which grows to 600 mm total
length (TL) and 2,600 g (illustrated in Bohlke and
Chaplin 1968). It occurs from Cape Hatteras, N.C.,
to Bermuda, southward throughout the Gulf of
Mexico and Caribbean Sea to southeastern Brazil.
The species is abundant, ranking second or third
in weight and numbers in the Carolina headboat3

fishery (which landed between 590 and 730 metric
tons of demersal fishes annually) between 1972
and 1975 (Huntsman 1976).

Vermilion snapper and other reef fishes nor­
mally associated with deep (>70-90 m) Caribbean
reefs and banks occur in two habitats ofthe outer
continental shelf of the Carolinas (Figure 1). The
most spectacular of the habitats, the shelf break
zone (Struhsaker 1969), occurs at the edge of the
continental shelf (55-180 m) where the gently
sloping bottom plunges abruptly downward as the
continental slope. It is an area of jagged peaks,
precipitous cliffs and rocky ledges associated with
drowned Pleistocene reefs (MacIntyre and Milli-

lDepartment of Environmental Resources, Cook College and
New Jersey Agricultural Experiment Station, Rutgers Univer­
sity, New Brunswick, NJ 08903.

'Southeast Fisheries Center Beaufort Laboratory, National
Marine Fisheries Service, NOAA, P.O. Box 570, Beaufort, NC
28516.

9Headboats are recreational fishing vessels which charge
anglers for a day's fishing on an individual, thus "per head,"
basis.

Manuacril'.t accepted J,!ly 1979.
FISHERIES BULLETIN: VOL. 78, NO.1, 1980.

man 1970). The second habitat (inshore live bot­
tom) occurs at 25-55 m and consists ofbroken reefs
and rock outcroppings, rocky ledges, and coral
patches dispersed over the continental shelf
shoreward of the shelf break zone.

Knowledge concerning reproduction of the ver­
milion snapper is lacking. Longley and Hilde­
brand (1941) reported gravid specimens about the
Tortugas, Fla., in July and concluded that spawn­
ing takes place in midsummer. Breder (1929)
wrote that vermilion snapper probably spawn in
early spring along the South Atlantic coast of the
United States, and Walker (1950) reported spawn­
ing off North Carolina in February. Monroe et al.
(1973) collected a ripe female off Jamaica in
November, and Fahay (1975) and Laroche (1977)
recorded larvae off Georgia in July and August.
Erdman (1976) found ripe fish from February
through June in the northeastern Caribbean.

In this paper we describe the seasonality,
spawning frequency, sex ratio, age and size at
maturity, and fecundity of the vermilion snapper
and discuss possible adaptive strategies for its re­
production.

The study area (Cape Hatteras, N.C., to Char­
leston, S.C.) was stratified by depth (Le., inshore
and offshore, the dividing depth being 55 m), and
specimens were collected throughout. Most fish
were obtained from ·the recreational fisheries
throughout the Carolinas; however, some speci­
mens were collected by hook and line or trawl from
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s.c.
FIGURE I.-Continental shelf off North
Carolina and South Carolina and important
bathymetric features that relate to the ver­
milion snapper study.
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the RV Onslow Bay and the RV Eastward; most
juveniles were trawled from RV Dolphin.

Temperature was taken by expendable
bathythermograph, and photoperiod was obtained
from the National Ocean Survey tide tables (U.S.
Department of Commerce 1971, 1972, 1973).
Specimens were weighed (nearest gram) and mea­
sured (nearest millimeter). Gonads were removed,
preserved in 10% Formalin4 for at least 1 wk,
washed in tap water for several days, and then
placed in 70% isopropyl alcohol. Frequency dis­
tributions of ovum diameters ,were plotted by
month to determine seasonality, frequency, and
duration of spawning (Hickling and Rutenberg
1936; Fahay 1954). The diameters of approxi­
mately 100 randomly selected ova from each oftwo
females per month were measured to the nearest
0.05 mm by dissecting binocular microscope at
25 x . To validate measuring ova from any portion
ofan ovary, we determined by analysis ofvariance
that ova sizes were distributed uniformly (indicat­
ing uniform deveiopment) throughout the ovaries
(Table 1).

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.

138

Later, the gonads were removed from preserva­
tive and weighed (nearest 0.1 g) after surface
moisture was absorbed by blotting.

A gonosomatic index was used as a measure of
reproductive development (Finkelstein 1969) for
determining spawning seasonality and maturity.
The index was calculated according to the formula
KG =W/TL3 where KG = gonad index, W = pre­
served (blotted dry) gonad weight ingrams, TL =

total length in millimeters. We realize that as­
suming the cubic relationship is arbitrary. Quast
(1968) has shown for kelp bass, Paralabrax clath­
ratus, that the percentage of body weight con­
tained in gonads increases with fish length. There­
fore, the true exponent is undoubtedly >3, but
data limitations preclude more accurate
formulation.

Ovaries used for fecundity studies were pre­
served in modified Gilson's fixative (Bagenal and
Braum 1968). The ovarian tunic was removed and
washed free ofadhering ova. Additional washings
separated developing ova from undifferentiated
oocytes and follicular material. A small subsam­
pIe of ova (about 1,000 or less) was stored wet for
later counting in a gridded Petri dish under a
binocular dissecting scope. Subsamples and origi-
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RESULTS

Seasonality, Frequency, and
Duration of Spawning

TABLE I.-Analysis of variance testing the hypothesis that
there is no difference in ovum diameters between anterior, pos­
terior, and center sections of ovaries from three vermilion snap­
per. NS = not significant.

Several lines ofevidence indicate that spawning
occurs from late spring through early fall. Males
and females with ripe-appearing gonads were col­
lected from late April through September, but few

females were collected with ova loose within the
ovarian tunic. Microscopic examination of pre­
served ovaries showed three types ofmaturing ova
present during this period (in addition to matur­
ing ova, undifferentiated transparent oocytes
were present and were by far the most numerous):
the smallest developing ova (0.11-0.2 mm in
diameter) were translucent and were the most
numerous developing type; the next largest ova
(0.33-0.43 mm in diameter) were nearly opaque
throughout and less abundant than the preceding;
the largest developing ova (0.46-0.71 mm in
diameter) were typical mature teleost eggs with
opaque cytoplasm occupying one pole of the egg
which also contained transparent to translucent
yolk material and oil globules. We observed these
most mature ova only in ovaries collected from
May to September, although what appeared to be
ripe ovaries were also seen in April; furthermore,
these mature ova occurred in only 7 of 149 ripe­
appearing ovaries examined.

Frequency distributions of maturing ovum
diameters (Table 2) show at least two size modes of
ova present from April to October (three were pre­
sent in one of two June samples), while only one
smaller size mode or undifferentiated oocytes were
present in November, December, and March. No
ova collected in January or February were
examined. These data indicate spawning begins in
late April or May and continues through Sep­
tember or perhaps early October.

Monthly mean gonad index values for 101 sexu­
ally mature females, sampled from May 1972 to
April 1974, also denote late spring to fall spawn­
ing (Figure 2). No fish were collected in January or
February 1973 or 1974; however, adult females
collected in February 1975 had gonad index values
of 0.51 and 0.40 which are consistent with gonad
index trends indicated in Figure 2. Increasing

number of ova in subsample
subsample dry weight

fecundity
total ova dry weight

Fecundity models were fitted by semilog transfor­
mation (log fecundity = a + b' x length, weight, or
age) and regressions are the functional regres­
sions ofRicker (1973). The semilog formulation of
fecundity models was used instead of more tradi­
tional log-log models because they fit the data
best.

nal ova samples (total sample minus counting
subsample) were drained and dried for 24 h at 40°
C. Subsample and original ova sample dry weights
were determined to 0.001 g on a beam balance, and
the sum of these two weights provided the total
ova sample dry weight. Fecundity was determined
by proportionality where:

Fish no. Source of variation df MS F

Bstween sections 2 1.0769 0.46 NS
Within sections 309 2.341

2 Between sections 2 0.5417 0.97 NS
Within sections 309 0.5770

3 Between sections 2 29.907 1.09NS
Within sections 309 27.3512

TABLE 2.-Developing ovum diameter-frequency distributions (percent) from two female vermilion snapper that were examined

during various months of the study.

0.08mm
Intervsl 1972 1973 1974

(midpoint) Msy June July Aug. Sept. Oct. Nov. Mar. May June July Aug. Sept. Oct. Nov. Dec. Apr.

0.06 1
0.14 40 45 39 29 35 35 16 17 28 19 80 100 26
0.22 27 13 32 15 8 21 49 22 36 38 12 17
0.30 11 7 7 2 1 10 5 5 11 16 14
0.38 11 10 6 9 12 5 9 17 10 13 6 13
0.46 4 25 2 8 41 28 15 36 9 13 2 27
0.54 4 1 13 3 1 3 6 1 3
0.62 3 5 23 2
0.70 8 4
0.78 2
Totsl 194 198 172 214 227 179 199 209 200 197 100 100 200

Mean, mm 0.25 0.27 0.27 0.37 0.32 0.28 0.29 0.34 0.27 0.27 0.17 0.14 0.3
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FIGURE 2.-Monthly mean gonad index of female vennilion
snapper collected from May 1972 to April 1974, mean bottom
temperatures at collecting sites, and photoperiod (U.S. Depart­
ment of Commerce 1971, 1972, 1973).
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Maturation

Age and growth data of Grimes (1978) and our
reproductive data indicate that most fish attain
sexual maturity during their third or fourth years
of life (186-256 and 256-324 mm TL), but a few

and Long Bay) ripe individuals were more equally
distributed with depth.

Reproductive synchrony within schools may be
indicated by hook-and-line sampling. Fish were
usually caught in sudden bursts offishing activity;
seldom were single individuals encountered.
Gonad indices for fish of similar size caught over a
short time interval (probably from the same
school) were nearly identical, indicating that re­
production within schools may be highly syn­
chronized.

Multiple spawnings each season are indicated
by the relative abundance of ova types (described
earlier) at different times during the spawning
season (Table 2). Maturing ova were present April
through October and spawning apparently takes
place during this period. Early in the spawning
season (May) all three developing ova types were
present in considerable abundance. When ripe ova
were present later in the season (June or July),
fewer smaller developing ova occurred. In August
and September (late in the spawning season) when
ripe ova were present, smaller developing ova
were absent. The total of the developing ova types
may represent all that will be spawned that sea­
son, and at each spawning a female develops only
as many ova as her abdominal capacity will allow.
This process could be repeated a number of times
during the season until all eggs are spawned.

Variation in gonad index during the spawning
period for similar size fish may also indicate frac­
tional spawning. This was evident during the
spawning months of 1972 and 1973 when the
gonad index of both males and females of similar
size varied by as much as a factor of 12 (Figure 3).
The small size of ripe gonads combined with high
fecundity (see subsequent discussion) is additional
evidence for fractional spawning. The mean per­
cent of body weight (observed) for ovaries of ma­
ture females collected during spawning months
was 2.4% (0.6-5.8%, n = 40). Mature males had
testes averaging 1.1% of body weight (0.4-2.4%, n
= 15) during the same months. Also, we fre­
quently observed semiflacid ovaries with no loose
ova (perhaps partially spawned) in large adult
females from June through September.

n=6.
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monthly mean gonad index is well correlated with
lengthening photoperiod and increasing bottom
temperature.

The seasonal occurrence of juveniles and the
large size variation within the youngest age-group
provides additional evidence of an extended sum­
mer spawning season. During October and
November 1973, several hundred juveniles rang­
ing from 53 to 227 mm TL were trawled in Long
Bay, N.C. and S.C., and also offCharleston. Aging
of these fish from scales showed the sample to
contain mostly age-groups 0 and 1. Using the
growth rate for the first year oflife (Grimes 1978)
for extrapolating backwards, we determined that
the age 0 fish collected in October and November
1973 were spawned throughout the summer
months.

Although actual spawning was never observed,
it probably occurs around rough bottom from 31 to
91 m but may be more concentrated in deeper
areas (55-91 m). Ripe fish were taken over rough
bottom at depths of31-91 m when bottom temper­
atures were 20.6°-24.8° C. In Raleigh Bay and
northern Onslow Bay, ripe fish were more abun­
dant from 55 to 91 m; however, in the southern
portion of the study area (southern Onslow Bay
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FIGURE 3.-Individual gonad index (gonad weight/(totallength)3) values for vennilion snapper over the spawning months of 1972 and
1973 plotted against total length.

precocious individuals may mature in their second
year (100-186 mm TL) at about 150 mm TL. We
determined age and size at maturity by examining
a plot of monthly mean gonad index of females
collected in the spawning season (June­
September) by total length (Figure 4). Further­
more, spawning season (April-September) gonad
index values for males and females (Figure 3) and
monthly mean gonad index for each age-group of
fish (Figure 5) show that fish age 4-9 (>324 mm
TL) ripen earlier (April or May vs. June) and re­
mained in reproductive condition longer (April to
September vs. June to August) than younger
spawning fish.

Sex Ratio

Sex ratio varies significantly from 1:1. From
1972 to 1974 we sexed 874 fish; 546 (62.5%) were
females and 328 (37.5%) were males (1 df; X2 =
54.4;P<O.OOl). The total sample was analyzed by

YEARS OF LIFE
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FIGURE 4.-Mean gonad index plotted by 25 mmTLintervals for
female vermilion snapper during the spawning season (June­
August). Approximate size at age was detennined from Grimes
(1978).

year of collection and sex ratios were judged sig­
nificantly different from 1:1 in all years (Table 3).
Higher proportions of females (62.5%) were col·
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FIGURE 5.-Monthly mean gonad index (gonad weight/(totallength)3) for female vermilion snapper by age-group.

TABLE 3.-Test of the hypothesis that sex ratios of vermilion
snapper did not vary significantly from 1:1 within years ofcollec­
tion.

Item 1972 1973 1974

Percentage at females 71.9 59.4 62.5
Sample size 135 424 315
Chi-square value 25.S' 15.1' 20.8'

'P<O.Ol.

lected at shelf break habitats than inshore live
bottom (60.5%), but the hypothesis that sex ratio
and capture depth were independent was not re­
jected (x2 P>O,05, n = 852).

There is a significant difference in sex ratio
throughout the life of the fish (as estimated by
total length); however, differences within some
size intervals were not judged significant (Table
4), Contingency-table analysis showed that sex
ratio and size were dependent (X2 P>0.05, df = 9)
(i.e" with growth sex ratios were different from 1:1
and changed significantly). In small fish (101-150
mm TL) the number of males and females was
nearly equal, but at 151-200 mm TL the percent-
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TABLE 4.-Tests of the hypothesis that sex ratio of vermilion
snapper did not vary significantly from 1:1 within 50 mm TL
intervals.

Total Total
length Females Chi- length Females Chi·
(mm) n (%) square (mm) n (%) square

101-150 105 49.5 0.0096 401·450 102 63.8 7.19'
151-200 117 63.4 8.83' 451-500 60 61.7 3.27
201-250 68 49.3 0.014 501-550 58 69.2 7.69'
251-300 99 61.2 4.94' 551-600 32 89.3 17.28'
301-350 90 59.4 3.38 601-650 1 100
351-400 142 65.9 12.7"

·P<0.05.

age of females increased to about 60%, where it
remained somewhat stable until 501-550 mm TL,
when percentage of females began to steadily in­
crease (Table 4). Only one fish >600 mm TL was
collected (618 mm) and it was a female.

Fecundity

Estimates of fecundity ranged from 8,168 to
1,789,998 ova for 41 females ranging from 229 to
557 mm TL (3-8 yr old and 136-2,293 g), Because
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TABLE 5.-Functional equations for fecundity in vermilion
snapper. Age (A) determined from scales.

females may spawn several times per season,
fecundity estimates were from ovaries collected
early in the spawning season (May and June) and
all classes of maturing ova were counted.

In Table 5, fecundity was separately regressed
on total length (millimeters), weight (grams), and
age (years) and, as expected, fecundity increases
as a function of all three correlates. Fecundity
increases so markedly in larger (older) fish (Figure
6) that semilog models were needed to adequately
describe the relationship between fecundity and
length, weight, and age. Length and weight are
approximately equally good predictors of fecun­
dity (r = 0.864 and 0.863, respectively). First
spawners probably are about 205-275 mm TL and
produce between 16,800 and 41,700 eggs. This es­
timate assumes that spawning extends from late
June through September for young fish (age 2-4),
that first spawning occurs in the third or fourth
year (186-256 or 256-324 mm TL), that scale an­
nuli form in March (Grimes 1978), and that ap­
proximately 25% of annual growth occurs from
annulus formation to late June..
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DISCUSSION

Spawning Seasonality

The conclusion that spawning occurs from late
April through September is corroborated by
Longley and Hildebrand's (1941) statement that
spawning took place in summer around the Tor­
tugas. PowlesS and Fahay (1975) reported that
larvae were collected at the surface off South
Carolina and Georgia in June and July, and
Laroche (1977) described a larval series collected
off Georgia in August. Walker (1950), however,
reports collecting vermilion snapper in spawning
condition off North Carolina in February. Erdman
(1976) sampled 400 vermilion snapper in the
northeastern Caribbean and found fish in spawn­
ing condition January through June, Monroe et al.
(1973) collected a ripe female in November off

"H. Powles, Fishery Biologist, South Carolina Marine Re­
source Center, Charleston, S.C., pers. commun. May 1975.

FiGURE 6.-The relationship of fecundity to total length of
female vermilion snapper.

Jamaica and suggested, on the basis of these and
more extensive data for other reef species, that
spawning probably occurs year-round in the
Caribbean, but that peak spawning is in winter
where surface temperature is about 26.5° C. The
larvae reported on by Fahay (1975) and Laroche
(1977) were collected at 27° and 26.5° C, respec­
tively, and we collected ripe fish off North
Carolina when sea surface temperature was be­
tween 26° and 27° C.

It appears that spawning of vermilion snapper
off North Carolina and South Carolina is re­
stricted to warm months (late April or May­
September), yet spawning may occur almost
year-round in the Caribbean (Monroe et al. 1973;
Erdman 1976). Similar life history variations in
response to local environmental conditions are re­
ported by Leggett and Carscadden (1978) for
American shad.
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Several authors report fractional spawning in
marine fishes (Starck and Schroeder 1971;
Beaumarriage 1973; de Silva 1973; Macer 1974).
Our inference that variation in gonad index dur­
ing a spawning month for similar size fish
suggests fractional spawning is supported by
Starck and Schroeder's (1971) findings on a re­
lated species,Lutjanus griseus, the gray snapper.
They concluded, from variation of ovary lengths
and weights from fish of similar size, that spawn­
ing probably occurs more than once in the same
season in south Florida waters.

In the results, we described three types of
maturing ova and concluded that they indicate
fractional spawning, yet the most mature ova type
was found only in a few ripe-appearing females.
Evidently final ova maturation occurs nearly
simultaneously with spawning so that the proba­
bility of catching a completely ripe fish is low.

Maturation

There are no published reports on maturation in
vermilion snapper, but Starck and Schroeder's
(1971) results on gray snapper agree closely. They
wrote that females are mature at age 3 and 190­
200 mm SL. Results for vermilion snapper also
agree with Starck and Schroeder's findings thatL.
griseus females >375-400 mm SL probably spawn
more times each year than smaller ones, and Mos­
ley (1966) observed (from a sample offish 223-456
mm SL) that early in the spawning season, small­
er red snapper, L. campechanus, showed less
gonad development than larger ones, perhaps in­
dicating earlier spawning by larger fish. Also
similar to our results, Quast (1968) showed earlier
and longer seasonal gonad maturation with
growth in kelp bass.

Earlier spawning by older fish can probably be
explained via the interplay between somatic and
gonad growth and maintenance. Sexual maturity
marks diminished growth in many fishes (Hubbs
1926; Magnuson and Smith 1963; Iles 1974).
Female vermilion snapper older than 5 yr (390
mm TL) are beyond the years ofmost rapid somat­
ic growth (Grimes 1978) and undoubtedly can af­
ford to put more energy into gonad development,
even though the energy costs of maintenance are
greater for larger fish as well.

Cohen (1976), using a theoretical mathematical
model, predicts that if reproductive success de­
pends upon maximizing reproductive biomass, the
change in the fraction of reproductive growth (di-
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minished somatic growth and beginning repro­
ductive growth) will occur at a time and mass just
prior to maximum growth rate. We used annual
length increments and a length-weight relation
(Grimes 1978) to derive annual increments in
mass, so that we could evaluate how well vermil­
ion snapper fit the optimal timing of reproduction
model. The greatest annual growth increment
(weight) occurs between age 6 and 7. Age 5, then,
is the year of life the model predicts the growth
change, and Figure 5 shows that fish age 5 and
older reflect the growth change by maturing ear­
lier and being mature for a longer time each re­
productive season.

Sex Ratio

The literature on other lutjanids provides little
help in interpreting our findings that sex ratios of
vermilion snapper vary significantly from 1:1
overall, and throughout life (as measured by
length). Camber's (1955) data on red snapper
showed a greater proportion of males when small
(200-400 mm TL) but a higher percentage of
females among larger fish (400 mm TL). Mosley
(1966) reported 56% males and 44% females
among red snapper (200-400 mm TL). Bradley and
Bryan (1974), however, reported a 1:1 ratio for
1,129 adult red snapper (no size range reported),
and Starck and Schroeder (1971) gave a 1:1 ratio
for 772 gray snapper (including small juveniles to
adults).

Wenner (1972) suggested several possibilities to
account for unequal sex ratios (i.e., differential
mortality, growth, and longevity; sex reversal; sex
difference in activity; and in or out migiration
from sampling area by one sex). There is no evi­
dence to support any ofthese explanations in ver­
milion snapper, except differential mortality and
longevity. Our results show conclusively that rel­
ative numbers of females begin to increase (to
about 60%) at about 250-300 mm TL, further in­
crease to about 70% at 500-550 mm TL, and even­
tually reach 90% above 550 mm TL (Table 2).
These results indicate that males experience great­
er mortalities above 250-300 mm TL, and Grimes
(1978) demonstrated greater longevity for females
(no male was older than 8 yr, but females reach at
least age 10). It is interesting to note that differen­
tial mortality commences approximately coinci­
dentally with the onset of sexual maturity.

Our fecundity estimates agree reasonably well
with published results for other lutjanids. Starck
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and Schroeder (1971) estimated fecundity for gray
snapper and found a 354 mm SL female to contain
about 550,000 ova. Using length conversion equa­
tions for vermilion snapper (Grimes 1978), the 354
mm SL is approximately equivalent to a 450 mm
TL vermilion snapper which would contain about
410,000 ova.

ACKNOWLEDGMENTS

We wish to thank the staff members of the
National Marine Fisheries Service (NMFS),
Beaufort, N.C., and Jeffery Ross, Virginia Insti­
tute of Marine Sciences, for their assistance in
collecting fish and taking of data from specimens.
C. A. Barans, South Carolina Marine Resources
Center, provided juvenile specimens. D. W.
Ahrenholz, D. R. Colby, C. S. Manooch, NMFS,
and W. E. Fahy, University of North Carolina,
Institute of Marine Sciences, contributed much
through helpful discussions and advice.

LITERATURE CITED

BAGENAL, T. B., AND E. BRAUM.
1968. Eggs and early life history. In W. E. Ricker

(editor), Methods for assessment offish production in fresh
waters, p. 166-198. Blackwell Sci. Pub!., Oxford.

BEAUMARRIAGE, D. S.
1973. Age, growth, and reproduction of king mackerel,

Scomberomorus caval/a, in Florida. Fla. Dep. Nat. Re­
sour., Mar. Res. Rep. 1,45 p.

BOHLKE, J. E., AND C. C. G. CHAPLIN.
1968. Fishes of the Bahamas and adjacent tropical

waters. Livingstone Pub!. Co., Wynnewood, Pa., 771 p.
BRADLEY, E., AND C. E. BRYAN.

1975. Life history and fishery ofthe red snapper (Luljanus
campechanus) in the northwestern Gulf of Mexico: 1970­
1974. Proc. 27th Annu. Sess. GulfCaribb. Fish. !nst., p.
77-106.

BREDER, C. M., JR.
1929. Field book ofmarine fishes of the Atlantic coast from

Labrador to Texas. G. P. Putnam's Sons, N.Y., 332 p.
CAMBER, C. 1.

1955. A survey of the red snapper fishery of the Gulf of
Mexico with special reference to the Campeche
Banks. Fla. State Board Conserv., Tech. Ser. 12,64 p.

COHEN,D.
1976. The optimal timing of reproduction. Am. Nat.

110:801-807.
DESILVA, S. S.

1973. Aspects of the reproductive biology of the sprat,
Sprattus sprattus (L.) in inshore waters ofthe west coast of
Scotland. J. Fish Bio!. 5:689-705.

ERDMAN, D. S.
1976. Spawning patterns of fishes from the northeastern

Caribbean. Dep. Agric., P. R., Cont. Serv. Esp. 3, 36 p.
FAHAY,M.P.

1975. An annotated list of larval and juvenile fishes cap-

tured with surface-towed meter net in the South Atlantic
Bight during four RV Dolphin cruises between May 1967
and February 1968. U.S. Dep. Commer., NOAA Tech.
Rep. NMFS SSRF-685, 39 p.

FAHY, W.E.
1954. The life history of the northern greenside darter,

Etheostoma belennioides blennioides Rafinesque. J.
Elisha Mitchell Sci. Soc. 70:139-205.

FINKELSTEIN, S. L.
1969. Age at maturity of scup from New York

waters. N.Y. Fish Game J. 16:224-237.

GRIMES, C. B.
1978. Age, growth, and length-weight relationship of

vermilion snapper, Rhomboplites aurorubens, from North
Carolina and South Carolina waters. Trans. Am. Fish.
Soc. 107:454-456.

HICKLING, C. F., AND E. RUTENBERG.
1936. The ovary as an indicator of the spawning period in

fishes. J. Mar. Bio!. Assoc. U.K. 21:311-316.
HUBBS,C. L.

1926. The structuml consequences of modifications of the
developmental rate in fishes, considered in reference to
certain problems in evolution. Am. Nat. 60:57-81.

HUNTSMAN, G. R.
1976. Offshore headboat fishing in North Carolina and

South Carolina. Mar. Fish. Rev. 38(3):13-23.
!LES, T. D.

1974. The tactics and strategy of growth in fishes. In F.
R. Harden Jones (editor), Sea fisheries research, p. 331­
345. Wiley, N.Y.

LAROCHE, W. A.
1977. Description of larval and early juvenile vermilion

snapper, Rhomboplites aurorubens. Fish. Bull., U.S.
75:547·554. '

LEGGETT, W. C., AND J. E. CARSCADDEN.
1978. Latitudinal variation in reproductive characteris­

tics of American shad (Alosa sapidissima): evidence for
population specific life history strategies in fish. J. Fish.
Res. Board Can. 35:1469-1478.

LONGLEY, W. H., AND S. F. HILDEBRAND.
1941. Systematic catalogue of the fishes of Tortugas, Fla.,

with observations on color, habits, and local distribu­
tion. Pap. TortugasLab. Carnegie Inst. Wash. 34, 331 p.

MACER,C. T.
1974. The reproductive biology of the horse mackerel,

Trochurus trochurus (L.) in the North Sea and English
Channell. J. Fish BioI. 6:415-438.

MACINTYRE, J. G., AND J. D. MILLIMAN.
1970. Physiographic features on the outer shelf and upper

slope, Atlantic continental margin, southeastern United
States. Gool. Soc. Am. Bull. 81:2577-2598.

MAGNUSON, J. J., AND L. L. SMITH, JR.
1963. Some phases of the life history of the trout­

perch. Ecology 44:83·95.
MOSLEY,F.

1966. Biology of the red snapper, Luljanus aya Bloch, of
the northwestern Gulf of Mexico. Publ. Inst. Mar. Sci.,
Univ. Tex. 11:90·101.

MUNRO, J. L., V. C, GAUT, R. THOMPSON, AND P. H. REESON.
1973. The spawning seasons of Caribbean reef fishes. J.

Fish BioI. 5:69-84.
QUAST,J. C.

1968. Observations on the food and biology of the kelp
bass, Paralabrax clathrotus with notes on its sportfishery

145



at San Diego, California. Calif. Fish Game, Fish Bull.
139:81-108.

RICKER, W. E.
1973. Linear regressions in fishery research. J. Fish.

Res. Board Can. 30:409-434.
STARCK, W. A., II, AND R. E. SCHROEDER.

1971. Investigations of the gray snapper, Lutjanus
griseus. Stud. Trop. Oceanogr. (Miami) 10,224 p.

STRUHSAKER, P.
1969. Demersal fish resources: composition, distribution,

and commercial potential of the continental shelf stocks
off southeastern United States. Fish. Ind. Res. 4:261­
300.

U.S. DEPARTMENT OF COMMERCE.
1971. Tide tables, high and low water predictions, 1972:

east coast of North and South America, including Green-

146

FISHERY BULLETIN: VOL. 78, NO.1

land. U.S. Dep. Commer., NOAA, Nat!. Ocean Survey,
290p.

1972. Tide tables, high and low water predictions, 1973:
east coast of North and South America, including Green­
land. U.S. Dep. Commer., NOAA, Nat!. Ocean Survey,
288p.

1973. Tide tables, high and low water predictions, 1974:
east coast of North and South America, including Green­
land. U.S. Dep. Commer., NOAA, Nat!. Ocean Survey,
288p.

WALKER, E. T.
1950. Spawning records of fishes seldom reported from

North Carolina waters. Copeia 1950:319.
WENNER,A.

1972. Sex ratio as a function of size in marine crus­
tacea. Am. Nat. 106:321-350.


